Biosynthesis of nanoparticles by exploiting different plant materials has become a matter of great interest in recent years and is considered as a green technology as it does not involve any harmful and toxic chemicals in the synthetic procedure. In this paper, we report a novel one-pot M. acuminata peel ash extract mediated bio-synthesis of basic iron oxide nanoparticles (MAPAE@Fe 3 O 4 ). The nanoparticles were fully characterized by different analytical techniques such as XRF, IR, XRD, XPS, SEM, TEM, VSM and TGA. The synthesized nanoparticles exhibited high basicity due to the presence of metal oxides, primarily basic K 2 O in the outer layer of Fe 3 O 4 surfaces, and showed good catalytic activity for the synthesis of b-nitroalcohol via the Henry reaction at room temperature under solvent-free conditions. The catalyst was separated from the reaction medium by simply applying an external bar magnet making the process economical and less labor intensive. Furthermore, the catalyst can be reused up to the 4 th cycle without much loss of its activity.
Introduction
The Henry reaction is one of the most important carbon-carbon bond forming reactions and has signicant applications in organic synthesis. The product 2-nitroalcohol can act as an intermediate in the formation of nitroalkenes, a-nitroketones, and b-amino alcohol derivatives, and synthesis of chiral ligands and some biologically active compounds.
1,2 It can also be easily transformed into other chiral building blocks by oxidation, reduction, the Nef reaction or a nucleophilic displacement reaction due to chemical versatility of the nitro group present in the product molecule.
3 Therefore, continuous efforts have been devoted to developing a simple and mild catalytic system for the Henry reaction. However, the use of a conventional base resulted in side products along with the desired b-nitroalcohol and this limitation is overcome by the use of various functionalized metal complexes and organocatalysts. [4] [5] [6] [7] Additionally, the problem of toxicity, catalyst recoverability and reusability and high cost cannot be ignored. Therefore, to address these difficulties further development was needed to provide green and productive methodologies.
During the last few years, Fe 3 O 4 magnetic nanoparticles have been getting considerable attention from researchers due to their (i) high catalytic activity, (ii) thermostability, (iii) easy magnetic recoverability and recyclability, etc. Besides these, cost effectiveness, low toxicity, bio-compatibility and high surface area to volume ratios are also some great advantages of Fe 3 O 4 magnetic nanoparticles. [8] [9] [10] [11] Iron oxide magnetic nanoparticles have been extensively used in various elds of science and technology such as magnetic resonance imaging, targeted drug delivery systems, data storage, wastewater treatment, catalysis, etc. [12] [13] [14] [15] [16] Furthermore, an Fe 3 O 4 magnetic nanocatalyst is considered as a suitable support for the preparation of a highly active metal catalyst as this metal catalyst on its surface prevents agglomeration of catalyst particles during separation which increases the catalyst imperishability. Herein, we report rst successful one pot synthesis of basic Fe 3 O 4 magnetic nanoparticles using M. acuminata peel ash extracts as they provides a strong basic medium for co-precipitation procedures. Banana peel is considered as an agro waste product produced in large amounts annually by food processing industries across the world. 30 M. acuminata peel ash contains oxides of some metals, like potassium, calcium, silicon, etc., that can be used as a base in many chemical transformations.
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Waste banana peel has been utilized in numerous applications like organic fertilizers, catalysts for biodiesel production, biosorbents for removal of hazardous metal and dyes from wastewater, biotechnology related processes, etc.
30,32
Therefore researchers are very much motivated to come up with a methodology/process to reuse this waste banana peel to produce some environmentally useful and protable products such that valorization of this waste product can contribute its removal from the environment avoiding its handling as a solid waste material. Recently we have used waste M. acuminata banana peel ash as a heterogeneous catalyst for sustainable production of biodiesel.
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With this interest, here we demonstrate the one pot green synthesis of a low cost, magnetically retrievable iron oxide (Fe 3 O 4 ) nanobase catalyst using banana (M. acuminata) peel ash extracts (hereaer denoted as MAPAE@Fe 3 O 4 NPs). Furthermore, the fabricated MAPAE@Fe 3 O 4 NP catalyst was characterized by various analytical and spectroscopic techniques. With our ongoing interest in the Henry reaction, 33, 34 we further investigated its catalytic activity in the synthesis of b-nitroalcohol using nitroalkanes with different aldehydes and the results obtained are found to be excellent.
Experimental methodology

Preparation of MAPAE@Fe 3 O 4 NP catalysts
For the preparation of banana (M. acuminata) peel extracts, banana peels were collected and washed thoroughly with distilled water to remove impurities. These peels were then dried and burnt in open air to collect the ash. Now, 10 g of ash was dissolved in 100 mL of distilled water at 80 C in a 500 mL round bottom ask and stirred for 1 h. NPs were allowed to settle and the solution was decanted. To this 50 mL of banana peel ash extract was again added and stirred for another half an hour. Aer that the water part of the solution was evaporated using a rotary evaporator and the dried solid nanocatalyst was collected and stored in a desiccator.
Characterization of MAPAE@Fe 3 O 4 NP catalysts
XRF, IR, XRD, XPS, SEM, TEM, EDX, VSM and TGA analyses were performed to evaluate the structure, composition and morphology of the synthesized nanoparticles. The FTIR spectra were recorded on KBr pellets using a Nicolet 6700 FTIR spectrophotometer. High resolution transmission electron microscopy (HRTEM) was recorded on an electron microscope (JEM-2100, 200 kV, JEOL). Energy dispersive X-ray spectroscopy (EDX) was also performed using the same instrument in EDX mode with a 0.28 sr solid angle (in a HR conguration with a 50 mm 2 detector). Powder X-ray diffraction (XRD) patterns were obtained on an X'Pert Pro PANalytical diffractometer under the following conditions: K-alpha1 wavelength l ¼ 
General procedure for synthesis of b-nitroalcohols
To a well-stirred mixture of aldehyde (1 mmol) and nitroalkane (1.5 mmol) in a sample vial, 50 mg of MAPAE@Fe 3 O 4 NPs was added at ambient temperature. The reaction mixture was allowed to stir for the time specied in Table 3 . The progress of the reaction was monitored using TLC. Aer completion of the reaction (as indicated by TLC), the catalyst was isolated using an external magnet and the resultant mixture was puried by silica gel column chromatography to give the corresponding nitroalcohol.
Basicity measurement
The basic strength of the solid catalyst was determined by using the Hammett indicator method. 
Catalyst recyclability test
To investigate the reusability of the catalyst, the catalyst was utilized for several consecutive cycles under our optimized reaction conditions. Once the reaction was completed the catalyst was subjected to washing with methanol and hexane to remove any impurities. The washed catalyst was dried in a vacuum oven at 100 C for 5 h and used for subsequent cycles.
3 Results and discussion
Catalyst characterization
To know the metallic and non-metallic compositions of the catalyst, XRF analysis was performed. 
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The crystalline structure of the MAPAE@Fe 3 O 4 NP catalyst was analyzed by XRD analysis (Fig. 2) and it was seen that the XRD peaks match very well with the characteristic peaks of the inverse cubic spinel structure of crystalline Fe 3 (Fig. 3) . From the SEM images ( Fig. 3a and b) , It was clearly seen that the Fe 3 O 4 particles are covered with metal oxides and carbonates producing horizontal ake-like structures of different sizes and it is very difficult to determine the size of the particles due to the agglomeration of the particles. The TEM images of MAPAE@Fe 3 O 4 ( Fig. 3c and d) quasi-spherical in shape having diameters ranging from 20-30 nm. The SAED pattern (Fig. 3e) conrmed that the particles are polycrystalline in nature.
To investigate the surface composition of the synthesized nanoparticles, XPS analysis was performed as shown in Fig. 4 . The wide scan XPS spectrum showed the presence of K 2p (27.56%) and O 1s (70.51%) as the major constituents and negligible amounts of Al 2p, Si 2p and P 2p are also present on the catalyst surface. The deconvoluted peaks of K 2p consist of two peaks with binding energies of 294.5 eV and 291.8 eV, which can be attributed to the presence of potassium as an oxide and carbonate on the catalyst surface. 31 There was only one peak at 530.5 eV in the O 1s spectrum, which indicated the presence of metal oxides. The Si 2p peak at 100.09 eV can be attributed to the presence of oxides of silicon on the catalyst surface. 38 The disappearance of the Fe 2p peak clearly indicated that the surfaces of Fe 3 O 4 nanoparticles are fully covered with metal oxides, which is responsible for its high basicity or high catalytic activity. The EDS analysis of the MAPAE@Fe 3 O 4 NP catalyst also supported the results of XPS analysis and revealed the presence of K, O, C and Fe in the catalyst (Fig. 5) .
The (Fig. 7) . In the TG curve, a 2-3% initial weight loss was observed at 50-180 C due to removal of absorbed moisture. The weight loss between 200 and 450 C may be due to the thermal decomposition of metal oxides and the oxidation of carbonaceous materials present in the catalyst to release CO, CO 2 , etc. The basic strength of the MAPAE@Fe 3 O 4 NPs was also investigated by the Hammett indicator method according to the above mentioned procedure. From the experiment it was seen that when bromothymol blue and phenolphthalein solution were mixed with the catalyst, the colour of the solution changed but when the alizarin yellow R indicator was used no colour change was observed. Therefore the basic strength of the catalyst could be tentatively denoted as 9.8 < H_< 11.0.
Henry reactions
At the beginning, with our prepared base catalyst we performed the Henry reaction of 4-nitrobenzaldehyde with nitromethane at room temperature under solvent free conditions as a pilot protocol. It was seen that the desired product b-nitroalcohol was formed without formation of a dehydrated byproduct within 70 min to generate 99% isolated yield (Scheme 1). Furthermore, optimization of various parameters like the catalyst amount and molar ratio of reactants was also investigated. Optimization of the catalyst amount. To investigate the catalyst amount required for fast and complete conversion of the reactants, 4-nitrobenzaldehyde and nitromethane were employed as test substrates with different masses of the nanocatalyst. Optimization of the catalyst loading is shown in Table  1 . It was observed that with 50 mg of the catalyst the reaction took the least time to complete with an excellent yield of 99% in 70 min (Table 1, entry 3) .
Optimization of the molar ratio of the reactants. The required molar ratio of the reagents by taking different equivalents of aldehyde and nitroalkane was also investigated and it was found that 1 mmol of aldehyde and 1.5 mmol of nitroalkane (i.e. 1 : 1.5) were most suitable for this reaction ( Table 2) .
With the optimized reaction conditions in hand, the reaction was further generalized to a variety of aldehydes to investigate the scope and limitations of our method and the results are summarized in Table 3 . It was seen that the reaction of various aldehydes with nitroalkane was rapid and gave good to excellent yields in all cases with our synthesized base catalyst (Table 3 , 3a-t). From the table it was seen that aromatic aldehydes with an electron withdrawing substituent like 4-nitrobenzaldehyde undergo faster reaction and gave better yields (Table 3 and 3c) . However, less electrophilic aldehydes with electron donating groups such as 3,4,5-trimethoxybenzaldehyde (Table 3 , 3i) gave a lower amount of yield. This may be due to the fact that electron withdrawing groups enhance the electrophilicity of the carbonyl carbon which facilitates the reaction while electron donating groups provide it with electrophilicity resulting in the lower percentage of yield. We also found that reactions using aliphatic aldehydes were somewhat slower. This may be due to the electron donating tendency of the alkyl groups present in the chain (Table 3 , 3j, and 3k). With the interest to know the effect of chain length and the substitution in the nitroalkane, we further investigated the reaction of aldehydes with nitroethane and 2-nitropropane under similar conditions. These reactions were also efficient and gave an excellent yield of nitroalcohol. It was seen that the substitution pattern in the aldehyde group affects the reaction in the same way as in the case of nitromethane but the reactions were slightly slower (Table 3 , 3l-3t). This can be attributed to the electronic effect and steric hindrance offered by the alkyl group present in the nitroalkane. FT-IR and NMR analysis of the synthesized compounds revealed the exclusive formation of nitroalcohol. 
Recyclability test of the catalyst
The reusability test for the solid base nanocatalyst was also studied under our optimized reaction conditions and the result is shown in Fig. 8 . It was observed that the percentage of yield got reduced aer repeated cycles and aer the fourth cycle only 85% yield was recorded. This may be due to the leaching process of certain elements which can reduce the active sites of the catalyst resulting in the loss in catalytic activity. From the EDS analysis data of both the fresh and recovered catalyst aer the fourth cycle, it was seen that there was a signicant drop of the K concentration from 27.07% to 25.49% in the recovered catalyst (ESI, 2 †). This signicant loss in the K concentration of the fresh catalyst may affect the percentage yield of the product nitroalcohol in the second run. The XRD pattern of the recovered catalyst was almost similar to that of the fresh catalyst but the diffraction peaks have lower intensity than those of the fresh catalyst (ESI, 3 †). The SEM and TEM images of the recovered catalyst also reveal the retention of the core/shell structure and polycrystalline nature of the nanoparticles (ESI, 3 †).
Conclusion
In conclusion, we for the rst time report the synthesis of a novel bio-waste derived solid base catalyst i.e. MAPAE@Fe 3 O 4 NPs using M. acuminata banana peel ash extracts and characterized them using various analytical techniques. The XRD and TEM results indicated that the synthesized catalyst is polycrystalline in nature having diameters ranging from 20-30 nm. The magnetic nanobase catalyst showed excellent catalytic activity for the synthesis of exclusively b-nitroalcohol via the Henry reaction at room temperature under solvent-free conditions. The metal oxides, predominantly K 2 O, form an outer layer over Fe 3 O 4 surfaces and are believed to be responsible for the high basicity of the catalyst. In addition, the catalyst exhibited a strong magnetic response and could be easily separated from the reaction mixture by simply applying an external magnet and reused for 4 consecutive cycles. The greenness of the catalyst coupled with the ease of this methodology promise huge potential for wide utility in the eld of chemical synthesis.
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